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TITLE 

IMPROVED MELT-PROCESSIBLE MOISTURE-CURABLE ETHYLENE 
COPOLYMER HOT-MELT ADHESI VES 

5 BACKGROUND OF THE INVENTION 

Field of the Invention 

This invention relates to improved melt-processible, moisture- 
curable, ethylene copolymer based adhesive compositions which have 
both a specific and broad susbtrate adhesivity, and to a method of 

1 0 employing the compositions as adhesives to achieve elevated 

temperature adhesive utility. More particularly, it relates to grafted 
ethylene copolymers which contain both a carbonyl group in the main- 
chain, backbone polymer, and an alkoxysilane group in the graft, used in 
conjunction with a silyl group condensation catalyst. 

15 Description of Related Art 

Melt-processible adhesives, while attractive compared with 
solvent based adhesives for environmental reasons, can lack utility at 
somewhat elevated temperatures. Such adhesives are inherently 
required to be fluid at higher elevated temperatures to be processible. 

2 0 Many adhesive polymers are largely amorphous. This is partly because 

significant crystallinity in a polymer can decrease adhesivity. This is 
unfortunate because crystallinity could provide strength and stiffness at 
use temperatures below the melting point. But in amorphous polymers, 
high fluidity at process temperatures may mean insufficient stiffness and 
25 strength for adhesive performance at lower (but still elevated) use 
temperatures. 

A characteristic of all adhesives is that they are, to a greater or 
lesser extent, substrate specific. Some adhesives may be designed to 
provide a high-level of adhesion to specific substrates, while others may 
30 be designed to be general-purpose adhesives, providing a moderate 
level of adhesion to as broad a range of substrates as possible. For a 
given chemical type of polymeric adhesive, the two functions may be 
difficult to achieve together. 

Certain ethylene copolymers-are known generally for use as 

3 5 inexpensive, melt-processible, hot-melt adhesives. Ethylene/ vinyl 
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acetate polymers in particular are used extensively as such. Such simple 
unmodified ethylene copolymers however may be both lacking in utility 
for certain substrates, and be lacking in utility at somewhat elevated 
temperatures. 

5 To extend the range of utility of melt-processible ethylene 

copolymer adhesives, approaches which have been used include those 
which address the above problems. That is to say, adhesive have been 
sought which have adhesivity either to a broader or to a specific range 
of substrates, (or both), and also which have improved adhesivity at 

1 o somewhat elevated temperatures. 

PCT Patent Application No. WO91/18043 describes use of 
ethylene/ acrylate/ carbon monoxide copolymers in combination with a 
tackif ier, as adhesives useful for a wide variety of substrates, as well as 
being specifically useful for PVC The carbonyl group appears to 
15 provide adhesion to a broad spectrum of substrates. These copolymer 
compositions, however, have limited utility as adhesives at higher 
temperatures. 

Blending ethylene copolymers with a small to moderate amount 
of certain block copolyesters which have stiff crystalline segments has 

2 0 been disclosed as a means of providing ethylene copolymer based 

adhesives with higher temperature utility, especially for PVC, in U.S. 
Patent No. 5,234,986 (McBride). The ethylene copolymers employed 
included ethylene/ alkyl (meth)acry late/ carbon monoxide copolymers. 
Use of silane groups to provide moisture crosslinkability 

2 5 (curabability) is well known. Methods of introducing such groups into 

ethylene copolymers either by condensation reactions, or by free-radical 
addition reactions using vinyl silanes, is well known. Silane groups are 
known to be useful in providing adhesion to glass. 

U.S, Patent No. 5,210,150 (Prejean) discloses melt-processible, 

3 0 moisture-curable, ethylene copolymer based adhesives which have 

elevated temperature adhesive utility. This is provided by crosslinking 
of silane groups in a graf t-copolymer, via moisture cure, after melt 
application. The ethylene copolymer base used is a graft copolymer of a 
direct ethylene copolymer containing an acid carboxylic group, grafted 
35 by condensation, with controlled amounts of epoxysilanes. There is no 
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disclosure of utility for any specific substrates. No requirement for silyl 
group condensation catalysts when using the composition is disclosed. 

U.S. Patent No. 5,209,983 (Case et al.) discloses an ethylene 
copolymer based adhesive composition suitable for specific substrates. 
5 The composition is useful for laminating wood or metal and PVC, 
particularly when the laminate is subject to moist environments. It 
comprises a three-component mixture of PVC itself, and two different 
ethylene copolymers. One of the ethylene copolymers contains a 
carbonyl group and can be an ethylene/ alky 1 aery late/ carbon monoxide 

1 0 copolymer, and the other contains an epoxy-group-containing 

comonomer, such as glycidyl methacrylate, and can be ethylene/ alky 1 
acrylate/glycidyl methacrylate. There is no suggestion that such an 
adhesive would have improved elevated temperature adhesivity. 
Experiments conducted in conjunction with the investigation of the 

1 5 present invention, and described below, showed no better adhesion 
between PVC and glass at elevated temperatures than that for an 
ethylene/ alkyl acrylate/ carbon monoxide polymer alone, despite the 
presence of an epoxy group. 

U.S. Patent No. 5,112,918 (Boocock et al.) discloses concentrates of 

2 0 vinyl alkoxysilanes in an ethylene copolymer which acts as a carrier 
polymer, as being useful as a means of providing quantitative control 
and versatility for the addition of such vinyl alkoxysilanes to an alpha- 
olefin polymer to which the vinyl alkoxysilane is to be grafted. The 
grafted alpha-olefin can be moisture cured via the silane groups. The 

2 5 ethylene copolymers which can be used as carrier polymer in the 

concentrate include ethylene/ alkyl acrylate/ carbon monoxide 
copolymers. It is the alpha-olefin polymer however, not the ethylene 
copolymer used in the concentrate, which is the polymer to be the 
subject of grafting with the vinyl alkoxysilane. The patent also discloses 

3 0 that silyl condensation catalysts including zinc, iron and tin salts, and 

titanates can be present in the concentrate composition as a means of 
introducing the same into the resulting alpha-olefin graft polymer. 

Japanese patent application No. J62,187,749A discloses a 
crosslinkable composition useful as coating or adhesive, which 
3 5 comprises a vinyl-type polymer having an acidic carboxyl group, a 
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vinyl-type polymer having epoxy and silyl groups and a silyl 
condensation catalyst, 

While the above described art includes adhesives which provide 
one or another desirable characteristic, including substrate specificity or 
5 broad substrate utility or utility at elevated temperatures, no one 

composition provides all these characteristics at the same time. There is a 
need for an adhesive which can be used to provide the combined utility 
of (1) specific adhesivity between PVC and other substrates, particularly 
glass, polyester, wood and metal, (2) general adhesivity to a range of 
1 0 polymeric substrates, and (3) maintenance of that adhesivity at elevated 
temperatures. 



SUMMARY OF THE INVENTION 
The present invention provides a melt-processible, ethylene 
15 copolymer based adhesive composition which contains a grafted unit 
having silyl groups which allow it to be moisture-curable, i.e. 
crosslinkable, resulting in adhesivity at elevated temperatures. The 
main-chain backbone polymer is a direct ethylene copolymer containing 
a carbonyl group. The grafted unit derives from vinyl alkoxysilanes. 
The resulting chemical nature of the composition also provides 
adhesivity to both specific substrates and a broad range of substrates. A 
key requirement is that a silyl condensation catalyst be present, either in 
the adhesive, in the substrate or substrates, or that the substrate or 
substrates be treated to have a coating of such a catalyst. 



20 
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According to the present invention there is provided an adhesive 
composition/ comprising: 

(A) a graft copolymer which is the reaction product of 

(a) a direct copolymer of (i) ethylene, (ii) 5-50 weight percent, based 
on the weight of the direct copolymer, of an alkyl acrylate, alkyl 
methacrylate, or alkyl vinyl ether having an alkyl group with 1-8 carbon 
atoms, and (iii) 1-20 weight percent, based on the weight of the direct 
copolymer, of carbon monoxide, and 

(b) 0.1-3.5 weight percent, based on the weight of the graft copolymer, 
of a vinyl alkoxysilane, and 

(B) from 0 to 0.5 weight percent based on the graft copolymer, of a silyl 
group condensation catalyst, provided that if no potential adherend 
contains a silyl group condensation catalyst, or if no potential adherend 
has been surface treated to provide a coating of such a catalyst, the silyl 
group condensation catalyst is present at a level of above 0.01 weight 
percent. 

Further, according to the invention, is a method of using the 
above composition as an adhesive to make a laminate, by using it as an 
adhesive layer in conjunction with one adherend which is PVC or a 
thermoplastic polyester, and the other adherend which is wood, glass or 
metal, or with two adherends which are thermoplastics, the adhesive 
composition, or one or both adherends containing a silyl condensation 
catalyst, or one or both adherends having been surface treated with such 
a catalyst, the laminate being allowed to stand several hours at ambient 
temperatures or above to cure the adhesive. 



DETAILED DESCRIPTION OF THE INVENTION 
In this disclosure the phrase 'direct copolymer' means a 
copolymer made by copolymerization of monomers together, as distinct 
from grafting a comonomer or prepolymerized unit onto a backbone 
polymer (which may be a direct copolymer). The latter is a 'graft 
copolymer', and this is the type of copolymer of the present invention, 
vinyl alkoxysilane monomer having been grafted onto a direct ethylene 
copolymer backbone. When a monomer is grafted on a direct 
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copolymer, the monomer, if randomly grafted, will be grafted on 
polymer molecules in proportion to the size of the molecule in the 
polymer, so large molecules will have more grafts and very small ones 
may have none. In using the term graft copolymer, it is understood that 
5 some smaller molecules within the size distribution may have no grafted 
monomer. 

The unqualified term 'copolymer' is used as a general term for 
direct or graft copolymers containing any number of comonomers. 
Specific terms like 'terpolymer' are self-explanatory. When a copolymer 

10 is said to 'contain' a given monomer, or to be a copolymer 'of a given 
monomer, or copolymer 'having* a certain comonomer and the like, it is 
to be understood that this means the polymer contains polymerized 
units derived from the given monomer. 

The term 'adherend' is any substrate to which the adhesive is 

15 applied. The term 'substrate 1 is used in the more general sense of any 
material which is a potential adherend. 

The terms 'cure' and 'curable' are used generally to mean that 
condensation reactions can take place that potentially lead to crosslinks. 
The term 'crosslinkable' means essentially the same. The graft units 

2 0 which are curable in the present invention derive from vinyl 

alkoxysilanes. In this disclosure, the term silane unit or group refers to 
the -Si(OR)3 group, while a silyl unit or group is the individual -Si-O-R 
group, R being H or alkyl Thus either the silane group or the silyl 
groups are said to be cured. Cure catalysts are generally referred to as 

2 5 silyl group condensation catalysts or just silyl condensation catalysts. 

The abbreviation PVC is used as a general means of referring to 
all polyvinyl chloride) compositions, including the many copolymers 
available. Such compositions are often referred to as 'Vinyls' in 
commerce. 

3 0 The direct ethylene copolymer which forms the backbone of the 

graft copolymer of the adhesive composition is a terpolymer containing 
units derived from ethylene, from 5 to 50 weight percent of a second 
monomer which is an alkyl acrylate, alkyl methacrylate or alkyl vinyl 
ether, and whose alkyl group contains from 1 to 8 carbon atoms, and 
3 5 from 1 to 20 weight percent of carbon monoxide. 
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The function of the second monomer is to 'soften' the backbone 
polymer increasing its adhesivity, and to reduce the level of crystallinity, 
since crystallinity can detract from adhesivity. Below 5 percent, 
insufficient softening and reduction in crystallinity occurs, while above 
5 50 percent, the comonomer is difficult to incorporate, as well as 

producing a polymer which is difficult to handle. The third monomer is 
carbon monoxide, which can provide ethylene copolymers with broad 
substrate adhesivity, as noted above. Preferably, the polymer contains 
10 to 40 weight percent alkyl acrylate, and 3-15 weight percent carbon 

10 monoxide. The alkyl acrylate is preferably n-butyl acrylate. 

Terpolymers of this nature can be miscible with PVC, as disclosed in U.S. 
3,780,140, and hence provide specific adhesivity to that substrate. 

Preparation of these direct copolymers is achieved using well- 
known methods, using a continuous, stirred reactor, at high 

15 temperatures and pressures, such as described in U.S. 3,780,140, which is 
hereby incorporated by reference. In this process, feed rates of 
monomers are adjusted in accordance with their various reactivities. 
Melt index of suitable direct copolymers can be anywhere between 3 and 
2500. However, 5 to 1000 is preferred and 5 to 200 most preferred. 

2 0 Ethylene copolymers may be grafted with vinyl alkoxy silanes by 

well known methods, such as by melt reaction in a melt extruder. This is 
achieved by using an extruder with a screw design which can provide 
good mixing of molten polymer with the graft monomer, such as a twin- 
screw extruder. The direct copolymer may be fed into the throat of the 

2 5 extruder and the vinyl alkoxysilane and radical polymerization catalyst 

fed into the extruder through an extruder-barrel port. Graft copolymers 
of the specific direct ethylene copolymer of the present invention with 
vinyl alkoxysilanes do not appear to be known. While not limiting 
ourselves, it is believed however, that the grafting reaction is similar to 

3 0 that for other ethylene copolymers, and that the particular comonomers 

do not have a major effect on the grafting reaction. 

The amount of alkoxysilane required is an amount sufficient to 
result in from 0.1 to 3.5 weight percent alkoxysilane being grafted to the 
direct copolymer. The efficiency of grafting may be quite low. For 
3 5 instance, under the experimental conditions used in the present 
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investigation to graft the alkoxysilane, typically only about one third of 
the alkoxysilane fed into the melt mixture remained in the resulting graft 
copolymer, as determined by neutron activation analysis for silicon. A 
considerable amount volatalized under the reaction conditions. Thus, to 
5 obtain 0.5 weight percent alkoxylsilane in the graft copolymer it might 
be necessary to feed at a rate of, say, 1.5 weight percent of alkoxysilane, 
based on the amount of polymer being fed into the extruder. Of the 
amount of vinyl alkoxysilane remaining in the graft copolymer, most is 
believed to be grafted on. That is to say, little remains as free vinyl 

1 0 alkoxysilane, since such materials are fairly volatile. The amount 
grafted on may be assumed to be essentially the amount calculated, 
based on the amount of silicon in the graft copolymer. The phrase 
'reaction product of, [a direct copolymer and a (specified) weight 
percent of vinyl alkoxysilane] means that the specified percent remains, 

15 essentially reacted, in the graft copolymer; and not that the specified 
percent was fed into the extruder. If the percent alkoxysilane in the 
graft copolymer is less than 01 weight percent, the rate of crosslinking 
during moisture cure is too slow, and/ or the amount of crosslinking 
after cure is insufficient to improve adhesion at high temperatures 

20 adequately. 

While the amount of grafted alkoxysilane which is effective in 
producing crosslinked polymer on cure can be as low as 0.1 weight 
percent, when lower molecular weight (higher melt index) direct 
copolymers are to be grafted, higher levels of grafting will be required 

2 5 for effective crosslinking of the resulting graft copolymer. As much as 

3.5 weight percent can be used. Cost considerations will keep the level 
as low as is effective. Preferably the amount of vinyl alkoxysilane in the 
polymer is 0.3 to 1.0 weight percent. This level is quite effective for 
direct copolymers having the preferred melt index for the direct 

3 0 copolymer of from about 5 to 200. 

Any vinyl alkoxysilane is suitable. However, only a limited 
number are available commercially. The preferred vinyl alkoxysilanes 
are vinyl trimethoxysilane and vinyl triethoxysilane. Vinyl 
trimethoxysilane is most preferred. 
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An assessment of the effectiveness of the grafted alkoxysilane in 
producing crosslinked polymer, after cure, can be made by curing the 
graft copolymer with a silyl condensation catalyst in the presence of 
water, then attempting to dissolve the cured polymer in boiling xylene, 
5 measuring the amount which dissolves and the amount which remains 
insoluble. Typically, from about 30 to 55 percent of the cured graft 
copolymer remained insoluble. Since random grafting of a polymer will 
lead to molecules becoming grafted in proportion to their size, as noted 
above some small molecules will remain ungrafted and larger ones have 

1 o several grafts. As a result, on curing there will be a 'sol* and a 'gel' 

fraction. Higher molecular weight, (i.e. lower melt index) polymers will 
produce more gel (insoluble polymer) for a given weight percent 
crosslinks. Based on experience with crosslinked polyethylene polymers 
used in wire and cable, in the range of melt index of the direct 
1 5 copolymers used in the present invention, 30 weight percent gel 
represents a high level of crosslinking while 70 weight percent is 
regarded as extremely high. On this basis, the graft copolymers were 
found to be highly crosslinkable. 

While antioxidants are not absolutely essential in the composition 

2 0 of this invention, their presence is highly desirable. This provides melt 

stability to the adhesive composition. A high level of melt stability is 
highly desirable in melt-processible adhesives, and particularly those 
which are sufficiently fluid to be applied using well-known hot-melt 
techniques, since long hold up times in the melt are common. A large 

2 5 range of antioxidants is known, and many may be suitable in the present 

composition. Tests with several antioxidants showed some antioxidants 
were significantly better than others. Among those found suitable were 
hindered phenol antioxidants such as IRGANOX 1035, which was better 
than IRGANOX 1010, which was better again than IRGANOX 1098. 

3 0 These antioxidants are available from Ciba Geigy Corp. Another 

antioxidant f ound highly suitable was BHT (butylated hydroxy toluene, 
available from Uniroyal Corp.). Without antioxidants, the direct 
copolymer is capable of undergoing side reactions which lead to melt 
instability in the graft copolymer, making melt application extremely 
3 5 difficult to control. 
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The adhesive composition of this invention may contain a silyl 
group condensation catalyst to enhance the rate of silyl curing in the 
presence of moisture. However, this may be a disadvantage in some 
circumstances. Curing is required after the adhesive has been applied, 
5 not before. Thus the presence of a silyl condensation catalyst will make 
the adhesive composition more moisture sensitive before application as 
an adhesive, requiring stricter measures to keep the composition free of 
moisture. It is far preferable to provide the silyl condensation catalyst as 
a surface coating on one or both of the adherends. Many materials act 

10 as silyl condensation catalysts. Such materials include zinc iron and tin 
compounds including salts of those metals, strong acids such as 
toluenesulphonic acid and bases such as sodium hydroxide. Of these, tin 
compounds are particularly effective. Such compounds include dialkyl 
tin mercaptides, dibutyl tin dilaurate, dibutyl tin dicarboxylate and 

15 stannous octoate. The mercaptides, the dilaurate and dicarboxylate are 
particularly effective, while stannous octoate has been reported in the 
literature to be somewhat less effective. 

PVC requires stabilizers to process, to prevent degradation 
reactions which include dehydrochlorination, oxidation, chain scission 

2 0 and crosslinking. The primary stabilizers may be inorganic, metal 
organic or organo-metallic compounds, while secondary stabilizers 
include a range of organic compounds. The metals involved include tin, 
lead, barium, cadmium, calcium, zinc and others. Stabilizers for PVC 
are often customized for a given grade. Surprisingly, it was discovered 

2 5 that some materials which are used to stabilize PVC act, coincidentally, 

as silyl condensation catalysts, particularly the tin stabilizers. The result 
is that certain grades of PVC contain the right type of stabilizer, in 
sufficient amounts to act as a silyl condensation catalyst when the 
adhesive of the present invention is used with PVC as a substrate. The 

3 0 range of stabilizers for PVC is so large, and compounds capable of 

catalyzing silyl crosslinking so varied, that it is manifestly impossible to 
be sure whether any grade of PVC will contain a stabilizer in sufficient 
quantity to act as a silyl condensation catalyst. In several PVC grades 
tried, the PVC used as a substrate caused adequate crosslinking of the 
3 5 adhesive in acceptable times. 
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If a PVC adherend contains insufficient quantities of, or no silyl 
condensation catalyst, or if other adherends are being used, it is possible 
to coat the adherend or adherends with such a catalyst. While many 
catalysts will be effective, as noted above, coating with IRGASTAB T634, 
5 using a 0.5 weight % solution in toluene was found particularly effective. 
IRGASTAB T634 is a mixture of dibutyl tin dicarboxylate and dibutyl tin 
dimercaptide, manufactured by Ciba-Geigy Corp. Another effective 
way of providing a controlled amount of catalyst coating is to layer a 
gauze soaked with the catalyst between the adherend and the adhesive. 

1 0 The gauze becomes part of the laminate. 

The melt-processible graft copolymer adhesive compositions of 
the present invention can be used as a film adhesive, an extrusion 
coating adhesive, or may be applied using hot-melt equipment. 
Generally, a higher melt-index more fluid resin is required for the latter. 

1 5 Melt index of the graft copolymer can range from 1 to 1000. For hot- 
melt application, melt-indices above 30, preferably above 60 are needed. 

The graft copolymer adhesive composition of the present 
invention has adhesive strength before moisture cure, but cure is 
required to provides an adhesive bond useful at elevated temperatures. 

2 0 Generally, sufficient moisture is present in, or permeates into laminates 
employing the adhesive to effect a significant level of cure, at ambient 
temperatures (20 -30 deg. C.) in a few hours. Longer times, in very 
moist conditions, at somewhat higher temperatures, may produce more 
cure and allow adhesion at even higher temperatures. Where the 

2 5 polymer itself was to be tested to determine maximum cure possible (by 

determining 'gel' and 'soj' fractions), the graft copolymer itself was 
actually heated in hot water for several hours. 

The composition is suitable alone as an adhesive, but may also be 
formulated using art-recognized modifiers such as plasticizers and 

3 0 tackifiers. Plasticizers can increase melt index, i.e. reduce viscosity, to 

provide more ready hot-melt utility. Plasticizers however will generally 
detract from the ability to maintain adhesivity at elevated temperatures. 
The use of plasticizers and tackifiers is well known in the adhesives 
industry, and extensive listings of such materials are given for instance 
3 5 in U.S. Patent No. 4, 338, 227, which is hereby incorporated by reference. 
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EXAMPLES 

In Examples PI and P2 the preparation of vinyl alkoxysilane 
grafted ethylene copolymer is illustrated. Examples 1-6 and 
5 comparative Examples CI -CIO relate to compositions and lap shear tests 
on those compositions, to determine high temperature adhesive utility. 
Details are given in Tables I and II. 

Melt Index is measured using ASTM D-1238 (2160g./190 deg. C) 

Laminates for testing were prepared in a laboratory hydraulic 
1 0 press at a temperature of 130 deg. C for about 2 minutes, at almost no 
pressure, up to about 14 psi, using sufficient copolymer to provide an 
adhesive layer having a thickness of from 1 to 5 mil. 

A Shear Adhesion Failure Temperature (SAFT), was measured 
using Lap Shear testing, well known in the adhesives field, as follows. 
15 Laminated samples were allowed to stand overnight at room 

temperature (23-26 deg. C), which allows the adhesive to cure when silyl 
groups and catalyst are present Various procedures are commonly 
used to measure a SAFT value. In the present case, the fail temperature 
of the bond was determined by loading the 1 square inch lap shear bond 
2 0 sample, held vertically, with a 240 gram weight and subjecting the 

samples to elevated temperatures starting at 70 deg. C, and increasing 
the temperature in 10 deg C. increments until failure occurred. The 
samples were held at each temperature level for 20 minutes. A 70 deg. 
C fail temperature means the adhesive bond would fail at or below 70 

2 5 deg. C. An 80 deg. C. fail temperature means the bond held at 70 deg. 

but failed at 80 deg. C The criterion for judging that an adhesive bond 
provides adhesion at elevated temperatures was that its SAFT should be 
100 deg. C. or above. 
Examples PI 

30 A direct ethylene copolymer, ethylene/ n-butyl acrylate/ carbon 

monoxide containing 60 weight percent ethylene, 30 weight percent n- 
butyl acrylate and 10 weight percent carbon monoxide and having a 
melt index of 12, was fed to the throat of a Berstorff, 25mm., co-rotating, 
intermeshing, seven-barrel, twin-screw extruder having a length to 

3 5 diameter ratio of 38/1. Through an injection port in barrel 1, a mixture 
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of 96 weight percent vinyl trimethoxysilane and 4 weight percent 2,5- 
dimethyl-2,5-di-(t-butylperoxy)hexane, (available as LUPERSOL 101, 
manufactured by Atochem Corp.), was fed at a rate of 1.49 grams per 
minute. The screw speed was 300 rpm, and the barrel temperatures 
5 (deg. C) were about 125, 160, 210, 210, 210, 210, and 209 for barrels 1 
through 7 respectively. A vacuum was applied at barrel 6 to help 
remove unreacted vinyl trimethoxysilane. Product was collected at a 
rate of 76 grams per minute. Melt Index of the product was 14.2 g/ 10 
minute, and the silicon content, determined using neutron activation 
1 0 analysis, corresponded to a vinyl trimethoxysilane level of 0.47 + /- 0.1 
weight percent. This indicates that a little less than one third of the 
vinyl trimethoxysilane fed into the extruder remains in the graft 
copolymer. 

To demonstrate that a significant amount of grafting had actually 
1 5 taken place, and that the graft copolymer was capable of being cured to 
produce highly crosslinked polymer, the polymer was moisture 
crosslinked in the presence of a silyl condensation catalyst and the 
amount of polymer insoluble in boiling xylene determined. The silyl 
condensation catalyst was made into a concentrate for ready control of 
2 0 mixing and concentration when feeding into the graft copolymer. A 1 
weight percent catalyst concentrate was made by mixing 10 grams of 
dibutyl tin dilaurate (FASCAT 4202 manufactured by Atochem), with 
990 grams of the same direct ethylene copolymer used to make the graft 
copolymer, in a HENSCHEL mixer for about 5 minutes. The same 

2 5 polymer was used largely for convenience. Other ethylene copolymers 

could have been used to make the catalyst concentrate. 2 grams of this 
concentrate was mixed with 38 grams of the graft copolymer in a 
BRABENDER Plasticorder under nitrogen, mixing for about 5 minutes. 
A portion of the cooled solidified polymer was heated in water at 65 

3 0 deg.C. for 8 hours to effect crosslinking. It was found that 31 weight 

percent of the polymer was insoluble in boiling xylene, indicating a 
significant level of vinyl trimethoxysilane had been grafted onto the 
direct copolymer, and could be effectively cured to produce crosslinked 
polymer. 
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Example P2. 

Exactly the same preparative procedure was carried out, except 
that the direct copolymer was an ethylene/ n-butyl aery late/ carbon 
monoxide terpolymer having a 63/27/10 weight ratio of monomer 
5 derived units, and a melt index of 100. The same vinyl 

trimethoxysilane/LUPERSOL 101 mixture was fed into the same 
extruder at a rate of 1.45 grams per minute. The production rate was 77 
grams per minute. The product had a melt index of 55, or about half that 
of the direct copolymer. Vinyl trimethoxysilane content was about 0.52 

1 0 weight percent. After moisture crosslinking in the same way as in 

Example PI, 54 weight percent of the polymer was found to be insoluble. 
This is regarded as a very high level of effective crosslinking. 
Examples 1-6 and Comparative Examples C1-C10. 

In Examples 1 and 2, the adhesive compositions, shown in Table I, 

1 5 were each tested in a laminate between polyester (MYLAR) and glass, 
the MYLAR having been treated with a tin, silyl condensation catalyst. 
In Examples 3 to 6, the adhesive compositions shown in the Table were 
tested in a laminate between PVC and glass. The PVC samples were 
believed to be stabilized with a tin stabilizer, which also acts as a silyl 

2 0 condensation catalyst, and the PVC was not surface treated with catalyst. 
In all cases, after the laminate had been allowed to cure overnight, the 
SAFT was 130 deg. C. or above, indicating the utility of the composition 
in providing adhesion at high temperatures. 

Comparative Example CI shows that the (ungraf ted) direct 

2 5 carbon monoxide containing copolymer used to make the graft 

copolymer in Example PI, when used alone between MYLAR and glass, 
gives no adhesion to glass at all. This is so, despite the fact that such 
carbon monoxide containing direct copolymers have been disclosed, as 
discussed above, as being good adhesives for a variety of polymeric and 

3 0 metal substrates. In Example C2, the presence of a silyl condensation 

catalyst in the same composition and type of laminate, did show some 
initial adhesion, but failure occured at or below 70 deg.C. It is not 
understood why catalyst should provide some initial adhesion, since the 
composition has no silyl groups, while in Example CI no adhesion to 
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glass was obtained. However, adhesion at elevated temperatures is 
minimal, since failure is at or below 70 deg. C. 

In Comparative Examples C3 and C4, the same ungrafted direct 
carbon monoxide containing direct copolymer was used in a PVC/ glass 
5 laminate. Adhesion is maintained only above 70 deg.C, failing at 80 
deg. C. The modest adhesion between PVC and glass observed, in the 
absence of silyl groups in the polymer, just as for Example C2, is not 
understood. 

Comparative Examples C5 to C8 are for PVC/ glass laminates. 

1 0 The adhesive used is a composition falling within the claims of U.S. 
5,209,983. This patent indicated the compositions claimed provide 
particularly good adhesion, particularly under moist conditions, when 
used in laminates, between PVC and wood or metal. The composition 
tested consisted of a three-component mixture of PVC, the direct carbon 

1 5 monoxide containing ethylene copolymers used to make graft 

copolymers in Examples PI and P2 (ethylene/n-butyl acrylate/ carbon 
monoxide), and an ethylene copolymer containing units derived from an 
epoxy-group-containing comonomer (ethylene/n-butyl 
acrylate/glycidyl methacrylate). The SAFT determined was no better 

2 0 than in Examples C3 and C4. The presence of PVC, and even the epoxy 
group containing ethylene copolymer, provides no improvement in 
elevated temperature adhesion in the composition tested. 

Comparative Examples C9 and C10 use the adhesive of the 
present invention, in a MYLAR/ glass laminate. However, no silyl group 

2 5 condensation catalyst was present, either in the adhesive composition, in 

the susbtrate, or coated on the substrate. One composition contained no 
antioxidant. While, as noted, antioxidant is preferred for melt 
processing, its absense appeared to have only minimal effect on SAFT. 
However, in these examples, the SAFTs observed were only 80 and 90 

3 0 deg.C. Without any silyl condensation catalyst, no adhesion at 

significantly elevated temperatures was achieved. 
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TABLE 1 

COMPOSITIONS TESTED AS ADHESIVES 
Used in Composition 
Example No, 

5 1 E/nBA/CO(60/30/10)-graft-vinyltrimethoxysilane 

(0.47 wt.% 

in grafted polymer) + 10,000 ppm. IRGANOX 1035 

2 As Example 1 with no antioxidant 

3 As Example 1 

10 4 As Example 1 

5 As Example 2 

6 As Example 2 

CI E/nBA/CO(60/30/10), MI 12, (not grafted). 

15 C2 As Example CI 

C3 As Example CI 

C4 As Example CI 

C5 Blend of 23.5 wt.% P(VC/ VA) copolymer (Kaiser KYHH) 

015 wt.% MARK 4723 (Ba/Zn stabilizer mfg. 
20 byWitco 

div. of Argus Chem. Corp) 
1.35 wt.% DRAPEX (epoxidized soy oil mfg. 
by Witco) 

75.0 wt.% E/nBA/CO (63/27/10) MI = 100 
25 5.0 wt.% E/nBA/GMA (66.8/28 /5.2) 

C6 As Example C5 except E/nBA/CO copol. is 

(60/30/10),MI =12 

C7 As Example C5 

C8.. As Example C6 

3 0 C9 As Example 1 

C10 As Example 2 



IRGANOX 1035 is 2,6-di-tert-buty W-methyl phenol, manuf . by Ciba- 
Geigy Corp. 

3 5 nB A is n-butyl acrylate, E is Ethylene, CO is carbon monoxide, GM A is 
glycidyl methacrylate. P(V C/ VA) is a polyvinyl chloride/ vinyl 
acetate) copolymer, 
MI is Melt Index 
wt.% is weight percent. 
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TABLE II 

SHEAR ADHESION FAILURE TEMPERATURE TESTS 





Example 


Substrate 


OUUt>LTd.Lt: x rcaLiiienx 






SAFIYdeg.O 






5 


1 


MYLAR/ Glass 


0.5% IRGASTAB T634 


140 (no failure) 








in Toluene 




2 


It II 


ii ii ti 


140 (no failure) 




3 


PVC(D)/Glass 


None 


140 (substrate fail) 




4 


PVC(L)/Glass 


None 


130 (substrate fail) 


10 


5 


PVC(D)/Glass 


None 


140 (substrate fail) 




6 


PVC(L)/Glass 


None 


130 (substrate fail) 




CI 


MYLAR/ Glass 


None 


No Adhesion 




C2 


tl It 


As Example 1 


70 




C3 


PVC(D)/Glass 


None 


80 


15 


C4 


PVC(L)/Glass 


None 


80 




C5 


PVC(D)/Glass 


None 


80 




C6 


PVC(D)/Glass 


None 


80 




C7 


PVC(L)/Glass 


None 


80 




C8 


PVC(L)/Glass 


None 


80 


20 


C9 


MYLAR/ Glass 


None 


80 




CIO 


MYLAR/ Glass 


None 


90 



MYLAR is grade 700D, a polyester film manufactured by E.I.duPont 
de Nemours and Company. 
25 Glass used was standard window glass. 

PVC(D) is DURACAP semi-rigid vinyl (PVC) sheet manufactured by 
B.F. Goodrich. 

PVC(L) is a different sample of the same grade of PVC sheet, but a 
sample with a slightly lighter color. The reason for the difference is 
3 0 unknown. 

IRGASTAB T634 is mixture of dibutyl tin dicarboxylate and dibutyl tin 
dimercaptide, manufactured by Ciba-Geigy. 
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CLAIMS 

1. An adhesive composition, comprising: 

(A) a graft copolymer which is the reaction product of 

(a) a direct copolymer of (i) ethylene, (ii) 5-50 weight percent, based 
5 on the weight of the direct copolymer, of an alkyl acrylate, alkyl 

methacrylate or alkyl vinyl ether, the alkyl group having 1-8 carbon 
atoms, and (iii) 1-20 weight percent, based on the weight of the direct 
copolymer, of carbon monoxide, and 

(b) 0.1-3.5 weight percent, based on the weight of the graft 
1 0 copolymer, of a vinyl alkoxysilane; and 

(B) from 0-0.5 weight percent, based on the graft copolymer, of a silyl 
group condensation catalyst, provided that if no adherend to which the 
composition is to be applied contains a silyl group condensation catalyst, 
or if no such adherend has been surface treated to provide a coating of 

15 such a catalyst, the catalyst is present at a level of at least 0.1 weight 
percent. 

2. The adhesive composition of claim 1 wherein the direct 
copolymer is an ethylene/ n-butyl acrylate/ carbon monoxide copolymer 
having from 10-40 weight percent n-butyl acrylate and 3-15 weight 

2 0 percent carbon monoxide. 

3. The adhesive composition of claim 2 wherein the vinyl 
alkoxysilane is 

vinyl trimethoxysilane or vinyl triethyoxysilane, and is present in the 
graft copolymer at a level of from 0.3-1,0 weight percent, 
25 4. A method of using the adhesive composition of claim 1 to 

achieve an adhesive bond which is maintained at elevated temperatures 
comprising: 

(a) preparing a laminate wherein one adherend is glass, metal or 
wood, and the other adherend is a polymeric material, at least one of the 

3 0 adherends having been coated with a silyl group condensation catalyst; 

and 

(b) allowing the laminate to cure for at least 2 hours at ambient 
temperatures. 
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5. A method of using the adhesive composition of claim 1 to 
achieve an adhesive bond which is maintained at elevated temperatures, 
comprising: 

(a) preparing a laminate wherein one adherend is glass, metal or 
5 wood, and the other adherend is PVC which contains a stabilizer which 

is capable of acting as a silyl group condensation catalyst; and 

(b) allowing the laminate to cure for at least 2 hours at ambient 
temperatures. 
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